3 Background/Aim: Gastrointestinal (GI) cancers are among the most common cancers in 4 the world. Many risk factors may increase the chance of developing GI cancers. In recent 5 years, a number of epidemiological studies have reported evidence of carcinogenic effects 6 of opium in humans. This study aimed to investigate the relationship between opium use 7 and GI cancer.
To determine the sample size, the proportion of opium and its derivatives used in the 1 affected group (p 1 ) and in the healthy group (p 2 ), was obtained from the Shakeri et al. study 2 as 0.4 and 0.2, respectively (30). Considering the significance level of 0.05 (α = 0.05) and 3 the power of 80% (β = 0.2), using the formula 4 5 the required sample size was estimated 80 for the case group. Finally, about 20% was 6 added to the sample size to compensate for potential losses. Therefore, 95 patients with GI 7 cancers were enrolled as the case group. 8 After selecting cases, two matched controls (a total of 190) were selected for each patient, 9 one among close relatives and one among the neighbors of the patient in order to control 10 the effect of heredity and environment, respectively. After collecting information from each 11 patient, they were asked to report two healthy (cancer-free) individuals, one of their close 12 relatives and the other among their neighbors. It is noteworthy that those who were 13 introduced were required to be at most 2 years older or younger than the patient as well as 14 being the same gender. Accordingly, for each of the patients who were smokers, the two 15 matched controls also had to be cigarette smokers with the same age and sex requirements 16 as those mentioned above. Therefore, the subjects in the case and control groups were 17 individually matched according to variables such as age (± 2 years), sex, place of residence 18 (urban or rural area), and smoking. 19 The required information was collected using a three-part checklist in individual interview 20 sessions. Demographic items asking about age, gender, place of residence, level of 21 education, marital status, and employment status formed the first part of the checklist. 22 There were also two questions about the year of diagnosis and family history of cancer in 23 patients. In the second part, respondents answered questions about their diet and the 24 consumption of different food groups. The third part of the checklist included questions 25 about the history of using raw opium (crude opium), opium sap (refined opium extract), 26 burned opium (opium dross left in the pipe after smoking opium), cigarettes, and hookah. 27 This part also included questions about details of the use of opium and its derivatives; 28 details included starting date and the duration of consumption, the average daily intake 29 (measured in mesghal, equal to 4.6 g), and usage method (oral or inhaled). The details on 30 cigarette smoking including the age of starting, duration of consumption, and the average 31 amount of smoking per day were also acquired. At the end of this section, there was one 32 question to measure the history of indirect exposure to the smoke of opium.
33
In order to reduce the reverse causality effect, we recorded the history of cigarette, opium, 34 and opium derivative usage much before the time of cancer diagnosis. In addition, as cancer patients may have used opium to reduce their pain after the beginning of the cancer, the 1 history of the use of opium and its derivatives in people who initiated opium use less than 2 one year before the diagnosis was not recorded (30). Diet information related to the 10 3 years before the diagnosis of the case group was also gathered. As respondents in the 4 control group were individually matched with each case based on age, related information 5 was collected from controls for the same 10-year period as the associated case. Standard 6 interviews were conducted in a relaxed and friendly atmosphere by a trained expert.
7
To reduce potential interviewer bias and interpersonal variability all interviews were 8 conducted by only one expert. Similarly, in order to minimize underreporting, questions 9 about opium use and its derivatives were asked at the end of the interview and after gaining 10 the trust of the participants.
11
This research project was approved by the Ethics Committee of Rafsanjan University of 12 Medical Sciences. In order to address ethical concerns and to maximize the individuals' 13 participation, the purpose of the study was explained to each participant before the 14 interview and informed consent was obtained from them. Also, the participants' 15 information was kept completely confidential and their names were not mentioned at any 16 stage of the study. 
Data analysis 18
The cumulative use of opium was calculated by multiplying the average daily use 19 (measured in mesghal, 4.6 grams) by the duration of use (year) (31). Regarding the 20 effective role of red meat, fruit, and vegetables on the incidence of GI cancers, the effect of 21 these variables was initially controlled by stratification method and their role in relation to 22 opium use and GI cancers was assessed. Then, the conditional logistic regression model 23 was used to determine the association of opium use and GI cancers. In the final models, the 24 effects of variables such as education level, family history of cancer, consumption of red 25 meat, fruit, and vegetables were adjusted and the relationship was reported as adjusted 26 odds ratio (OR) and a 95% confidence interval for odds ratio and P-value for assessing the 
Results

32
The study subjects were 95 patients aged 22-90 with GI cancers, out of whom 8 (8.42%), 33 41 (43.16%), 7 (7.37%), and 39 (41.05%) were suffering from esophageal, stomach, 34 pancreatic, and colorectal cancers, respectively. Also, 190 healthy individuals were 35 recruited as the control group. The controls were matched to cases by age, sex, place of residence, and smoking. The mean and standard deviation of age in the case and control 1 groups were 61.54 ± 15.64 and 61.43 ± 15.49 years, respectively (P = 0.975). The 2 participants matched according to gender, place of residence, and smoking, were 55.79% 3 male and 66.32% urbanite, and 26.32% of them were cigarette smokers. Also, there was no 4 significant difference between case and control groups regarding mean cigarettes smoked 5 per day (4.02 ± 8.47 and 3.61 ± 6.75 respectively, p = 0.654) and duration of use (7.80 ± 6 15.58 and 7.50 ± 14.9 years respectively, p = 0.875). Similarly, the two groups had no 7 significant difference regarding marital status and history of hookah use. However, the 8 difference between two groups in education level and family history of developing cancer 9 was significant. Education level was higher in the control group and the case group also 10 reported a significant family history of cancer among their first-degree family members 11 (Table 1) .
12 Table 2 includes the amount and the type of food consumed as well as duration of opium 13 use, daily intake, and cumulative consumption of opium in the case and control groups. The 14 results showed that monthly use of red meat in the control group was higher than it was in 15 the case group. On the other hand, the mean amount of fruit and vegetable consumption per 16 week was higher in the case group. About 26.32% (n = 25) of the cases and 6.32% (n = 12) 17 of the controls used opium (P < 0.001). Opium use was more common among men than 18 women, with men comprising 21 (84%) and 11 (92%) of opium users in the case and 19 control groups, respectively. None of the participants reported consumption of opium dross.
20
Only three (1.64%) in the case group consumed refined opium in addition to opium, so 21 separate analyses were not performed on these subjects. Additionally, all opium and refined 22 opium users used inhalation method. As shown in Table 2 , the average duration and daily 23 amount of opium consumption in the case group were higher than it was in the control 24 group. As a result, the cumulative use of opium was higher in the case group.
25
Our investigation showed that 26.32% (n = 25) of the case group and 2.63% (n = 5) of the 26 controls had indirect exposure to the smoke of opium (p < 0.001). Indirect exposure means 27 constant exposure to the smoke of opium used by a family member or friend. As some 28 individuals, especially in the control group, may have avoided telling the truth in order to 29 preserve friend and family secrets and in order to prevent subsequent information bias, no 30 more analysis was performed on this data.
31
To control the effect of confounding variables such as consumption of red meat, fruit, and 32 vegetables on the relationship between opium use and GI cancers, after categorizing 33 individuals based on the consumption of each of these food types (according to the Iranian 34 dietary standards), we used stratification method (Table 3) . When stratified by weekly fruit 35 consumption, more association was found in subjects with less fruit consumption (OR = 36 6.5, 95% CI: 2.8-15.2) than those who consumed more fruit on a weekly basis (OR = 2.1, 95% CI: 0.4-11.1). Also, the risk of GI cancers due to opium use was higher in individuals 1 who consumed less vegetables during the week (OR = 6.4, 95% CI: 2.8-14.9) compared to 2 those who used more vegetables (OR = 1.7, 95% CI: 0.3-8.5). However, the risk of GI 3 cancers due to opium use was higher in those who used less red meat (OR = 6.7, 95% CI: 4 2.3-19.4) than those who used more meat every month (OR = 4.2, 95% CI: 1.4-12.9). After 5 adjusting the effect of consumption of fruit, vegetables, and red meat, the risk of 6 developing GI cancers in opium users was about 4.9, 4.7 and 5.5 times higher than it was 7 among those who did not use opium (P < 0.001). Therefore, it may be concluded that the 8 consumption of fruit, vegetables, and red meat can modify the effect of opium use on the 9 incidence of GI cancers as an effect modifier. This means that the risk of the effect of 10 opium consumption on GI cancers decreases with the consumption of more fruit and 11 vegetables and a higher consumption of red meat.
12 Table 4 shows the results of using conditional logistic regression models to evaluate the 13 effect of opium use and cumulative consumption of opium on the incidence of GI cancers.
14 The results showed that after adjusting the effects of variables such as educational level, 15 family history of cancer, and the consumption of red meat, fruit, and vegetables, the effect 16 of opium use on GI cancers was significant (OR = 5.95, 95% CI: 2.4-14.9). Also, the 17 results showed that, after fixing the effects of the confounding variables, the increase in 
Discussion
25
This study aimed to investigate the effect of opium use on the risk of GI cancers and to 26 determine the extent of this effect in the development of these cancers. The results of the 27 study showed that opium can increase the risk of GI cancers. Also, the chance of 28 developing these cancers increased with an increase in cumulative consumption of opium 29 (amount and duration). Even after adjusting and controlling the effects of potential 30 confounding variables such as education level, family history of cancer, and consumption 31 of red meat, fruit, and vegetables, the odds ratio was higher than the crude state (adjusted 32 OR = 5.95 compared to crude OR = 5.30), which indicated a strong association between 33 opium use and GI cancers. The results of previous studies have shown that the prevalence 34 of opium use is higher in lower educated people (27) . Therefore, in this study the level of properties and cause mutations in salmonella bacteria (6, 38) . Moreover, the pyrolysates 9 derived from the thermal decomposition of opium and its main alkaloid morphine could 10 induce the exchange of genetic information between sister chromatids in human 11 lymphocyte and hamster ovarian cells and also morphological changes in hamster 12 embryonic cells (39, 40) . Topical, subcutaneous, intra-tracheal, and intra-gastric 13 administration of these materials in mice also led to cancerous activity in these parts (40).
14 The effects might also be due to the substances added to opium in the preparation process.
15
for example, the results of studies have shown that the presence of high levels of mineral 16 lead in opium (41) leads to an increase in the level of lead in the blood after its use (42, 43), 17 which can cause severe toxicity and even cancer (44) (45) (46) . 18 We reported the consumption of opium in 26% of the case and 6% of the control group 19 subjects. The results of similar studies conducted in different parts of the country suggested 20 that opioid use varies between 16%-38% in people with cancer and 5%-18% in controls 21 (14, 15, 30, 31, 34, 36) . The difference in results can be justified considering the difference in 22 sample size, the prevalence of opium use in different parts of Iran, and also the time of 23 opium consumption (before or after the beginning of cancer).
24
One of the most important parts of the present study was the results of the study on the 25 effect of diet on the relationship between opium use and GI cancers, suggesting that more 26 fruit and vegetables can significantly reduce the risk of GI cancers. Similarly, the results of 27 recent reviews showed that the consumption of fruit and vegetables was associated with a 28 reduction in the risk of gastric and colorectal cancer (47, 48) . This part of our results is 29 consistent with the evidence obtained from similar studies conducted in Iran (15, 36). These 30 results could be interpreted to mean that opium use affects digestive system function by 31 increasing the duration of digestive tract exposure to food and consumed carcinogens 32 through reducing the movement of food through the system (49, 26). By increasing the 33 amount of fiber intake, the consumption of fruit and vegetables can reduce this effect of 34 opium consumption on the digestive tract (50).
In contrast to the evidence obtained from previous studies of the role of red meat 1 consumption in the development of GI cancers (51), our results showed that higher red 2 meat consumption reduces the effect of opium consumption on GI cancers. The difference 3 between this part of our results with the previous results can be attributed to the fact that 4 due to the low consumption of red meat in the standard Iranian diet, the participants still 5 consumed a relatively lower amount of red meat than participants in the studies in question.
6
In other words, the majority of participants were in fact not eating excessive amounts of red 7 meat at all. 8 We designed a strict inclusion and exclusion protocol, and the baseline alignment within 9 groups bolstered the strength of this case-control study. Also, consideration was given to 10 the effective role of variables such as age, sex, environmental and hereditary factors, and 11 smoking in the individual matching process. In addition, using neighbors and relatives 12 (population-based controls) led to the control of environmental, genetic, and socio-13 economic factors (52), which in turn increased the validity of the results of this study 14 compared to similar studies. Moreover, we studied the effect of consumption of fruit, 15 vegetables, and red meat and the moderating role of these factors on the relationship 16 between opium use and the incidence of GI cancers, which had not been considered in 17 previous studies.
18
It may be argued that the patients may have used non-opioid analgesics affecting the 19 outcome of the study. Analgesics are prescribed after the patients have developed cancer, 20 therefore it may not affect the effect of opium on the occurrence of cancer. Therefore this 21 will not be a confounding.
22
However, this study had some limitations. Firstly, The analgesic usage, other than the 23 opioids, before the cancer development did not evaluated in the study. As opium has 24 analgesic effects the case group may have used less non-opium analgesics before cancer 25 development. However the frequency of analgesic usage is low in general population and it 26 does not seem this difference have been a confounder in the development of GI cancer.
27
Secondly, there is a possibility of recall bias and under reporting of opium use, especially in 28 the control group, which we attempted to minimize this with the use of standard 29 interviewing techniques.
30
The results of this research showed that there was a strong association between opium use 31 and the risk of GI cancers, proposing a convincing explanation for the high incidence of GI 32 cancers in areas with high prevalence of opium use. However, it is suggested that more 33 studies be conducted allowing accurate measurement of the diet and other confounding 34 factors. It is also important to study the effects of other drugs, especially industrial 35 narcotics, on cancer, given the increasing use of these drugs in the society. 
